An aerobic actinomycete, designated SCSIO 01299 T , was isolated from a deep-sea sediment collected from the northern South China Sea at a depth of 3258 m. The isolate was found to be a natural producer of the synthesized antitumour agent deoxynyboquinone and its three new derivatives, pseudonocardians A, B and C. A BLAST search based on almost-complete 16S rRNA gene sequences showed that strain SCSIO 01299
Actinomycetes are well known as the largest group (45 %) of bioactive secondary metabolite producers (Bérdy, 2005) . Over 50 years of research on terrestrial actinomycetes, the rate of discovery of new compounds has decreased because of the high rate of reisolation of producers of known compounds (Fenical et al., 1999) . For the discovery of structurally diverse natural products in drug discovery programmes, novel screening procedures and high-quality biological materials from new sources are two critical factors (Goodfellow & Fiedler, 2010) . So, extremophiles have been focused on increasingly by chemists, including actinomycetal resources in marine environments. Recent studies have revealed that marine actinomycetes are still a robust source of excellent natural products, such as the genera Salinispora [salinosporamide A (NPI-0052), sporolides, saliniquinone A-F, salinosporamide K), Verrucosispora (abyssomicins), Micromonospora [diazepinomicin (ECO-4601)] (Lam, 2006) and 'Marinispora' (marinomycins, marinisporolides) (Kwon et al., 2009) . Therefore, the discovery of novel marine actinomycetal taxa is very important for gaining new sources of pharmaceutical potential.
During our investigation on marine actinomycetal resources in the South China Sea, a deep-sea sediment sample (120 u 0.9759 E 19 u 0.6649 N) at a depth of 3258 m (pH 7.8, 2 u C) was collected. The sampling process and isolation procedure were done as described by Tian et al. (2009) . One grey-white aerial mycelial colony with an obvious inhibition zone after 3 weeks at 28 u C on selective isolation medium ISP 5 prepared with natural seawater, designated strain SCSIO 01299 T , was selected. By the bioactivity-guided isolation methods, we found that the isolate could produce deoxynyboquinone (15 mg l 21 ), a synthetic potential antitumour agent, and its three new derivatives, pseudonocardians A (0.66 mg l 21 ), B (1.5 mg l
21
) and C (1.3 mg l 21 microscopy (JSM 5600LV; JEOL) using cells incubated for 14 and 28 days on ISP 2. Diffusible pigments were observed by comparing the cultures with the most suitable colour chips from the ISCC-NBS colour charts (Kelly, 1964) . All physiological and biochemical tests were performed at 28 u C, such as diffusible pigment, hydrolase and H 2 S and melanin production, according to methods described by Tindall et al. (2007) . Gram-reaction was done as described by Murray et al. (1994) . Catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) H 2 O 2 and oxidase activity was determined using oxidase reagent (bioMérieux). Growth at 4, 10, 15, 20, 28, 35, 40, 45 and 50 u C, at pH 4.5-11 (in increments of 0.5 pH unit) and with 0-25 % (w/v) NaCl (at intervals of 2.5 %) was studied as described by Xu et al. (2005) . The buffer solutions used to adjust the pH were acetate/citrate (pH 4-6), KH 2 PO 4 /NaOH (pH 6-8), NaHCO 3 /Na 2 CO 3 (pH 9-10) and Na 2 HPO 4 /NaOH (pH 11). Sole carbon source utilization tests (final concentration 0.5 %, w/v) were performed as described by Smibert & Krieg (1981) . Antibiotic susceptibility was examined as described by Groth et al. (2004) using antibiotic discs on ISP 2.
Biomass for chemotaxonomic and molecular systematic studies was obtained at the same physiological age by cultivation in ISP 2 with shaking at 150 r.p.m. at 28 u C for 1 week. Cell-wall diaminopimelic acid and whole-cell sugars, menaquinones and phospholipids were analysed according to previously established procedures (Tian et al., 2009; Xu et al., 2005) . Cellular fatty acid analysis was performed according to the protocol of the Sherlock Microbial Identification System (MIDI) by GC (model 6890; Agilent), based on biomass obtained by culture in TSB (Difco) for 4 days at 28 u C. The results were compared with the TSBA 6 database of fatty acids in Sherlock version 6.1. The G+C content of genomic DNA was determined using the HPLC method (Mesbah et al., 1989) .
Extraction of genomic DNA and PCR amplification of 16S rRNA gene were carried out according to Li et al. (2007) . Similarity calculations were performed based on EzTaxon-e (Kim et al., 2012) and MEGA version 5.0 (Tamura et al., 2011) with parameters of pairwise deletion for gap treatment. Multiple alignments were created using CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were constructed using MEGA version 5.0 with the neighbour-joining method of Saitou & Nei (1987) with the parameter of complete deletion gaps and minimum-evolution, maximum-likelihood and maximum-parsimony methods, and confidence analysis was undertaken using 1000 bootstrap replicates (Felsenstein, 1985) . DNA-DNA hybridization was done according to the optical renaturation method (Huss et al., 1983; Jahnke, 1992 ) using a UV-VIS spectrophotometer (model UV1601; Shimadzu).
Strain SCSIO 01299 T had abundant white aerial mycelia, spores and yellowish white to moderate yellowish brown substrate hyphae. The isolate grew well on ISP 2, 3, 4 and 5 and Czapek's agar at 28 u C and grew weakly on potato agar, but did not grow on nutrient agar. Dark orange yellow pigment was produced on Czapek's agar. The detailed cultural characteristics of this strain and its closest neighbours are listed in Table 1 . The organism formed an extensively branched substrate mycelia and aerial hyphae that differentiated into long spore chains. Spores were rodlike with smooth surfaces (0.4-0.5 mm wide and 1.2-2.6 mm long) (Fig. 1) . Cells of strain SCSIO 01299
T were aerobic and Gram-positive. Good growth occurred at pH 7.0-8.0, at 20-30 u C and with 3-8 % (w/v) NaCl. The isolate could use most of the sole carbon sources tested in this study. The detailed physiological characteristics are shown in (Henssen et al., 1983) . The neighbour-joining phylogenetic tree (Fig. 2) showed that the isolate formed a distinct branch that was most closely related to P. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the minimum-evolution and maximum-likelihood methods. Bar, 0.5 % sequence divergence.
X.-P. Tian and others were supported with the minimum-evolution and maximum-likelihood analyses (Fig. 2) and the maximumparsimony analysis (Fig. S1 , available in IJSEM Online).
The chemotaxonomic data (Table 3) clearly showed the differences between strain SCSIO 01299 T and its four closest phylogenetic neighbours. The fatty acid composition of strain SCSIO 01299
T contained a small amount of iso-C 11 : 0 3-OH (1.03 %) and moderate amounts of anteiso-C 17 : 0 (10.21 %) and summed feature 9 (comprising iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl; 10.85 %). The polar lipids (Fig. S2) were diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylinositol and three unknown phospholipids. There were no phosphatidylinositolmannosides present in the isolate. The type IV cell-wall composition of meso-diaminopimelic acid, arabinose and galactose (Lechevalier & Lechevalier, 1970) , the predominant menaquinone MK-8(H 4 ), and the major fatty acid iso-C 16 : 0 were also consistent with the genus Pseudonocardia. These cumulative data confirmed that the isolate should be assigned to the genus Pseudonocardia.
The cultural and micromorphological characteristics in Table 1 and Fig. 1 , including dark orange yellow soluble pigment on Czapek's agar, no growth on nutrient agar, show the differences between strain SCSIO 01299 T and its four closest neighbours. As shown in Table 2 , the isolate could use inositol, L-rhamnose, sodium oxalate and sodium citrate easily as sole carbon source for growth, but not fucose, D-fructose or D-xylose. Strain SCSIO 01299
T was susceptible to lincomycin and ampicillin, but not to erythromycin, rifampicin, sulfamethoxazole or neomycin. The isolate could use cellulose for growth, was positive for hydrolysis of starch and Tween 60 and milk peptonization and was negative for utilization of urea, production of H 2 S and hydrolysis of gelatin. Moreover, strain SCSIO 01299
T could grow at 4 u C and with up to 15 % (w/v) NaCl. In conclusion, all of the above data could distinguish strain SCSIO 01299 T easily from its closest relative, P. ammonioxydans CGMCC 4.1877 T , and other members of the genus Pseudonocardia.
DNA-DNA hybridization showed that the isolate exhibited low DNA-DNA relatedness with its closest phylogenetic neighbours (13 % with P. ammonioxydans CGMCC 4.1877 T , 25 % with P. autotrophica BCRC12444
T and 18 % with P. kongjuensis DSM 44525 T ), values which are below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987) . It has been reported that, although many species in the genus Pseudonocardia share 98.5-99.6 % 16S rRNA gene sequence similarity, DNA-DNA relatedness between them are below the 70 % cut-off point (Park et al., 2008; Lee et al., 2001) . These findings and results confirm that strain SCSIO 01299
T represents a genetically distinct species.
The phenotypic, physiological and chemotaxonomic characteristics and phylogenetic analysis of strain SCSIO 01299 T and its closest neighbours in the genus Pseudonocardia suggest that it can be readily differentiated from species with validly published names. Thus, we propose that strain SCSIO 01299
T represents a novel species of the genus Pseudonocardia, Pseudonocardia antitumoralis sp. nov.
Description of Pseudonocardia antitumoralis sp. nov.
Pseudonocardia antitumoralis (an.ti.tu.mo9ria.lis. Gr. prep. anti against; L. n. tumour a swelling; L. fem. suff -alis suffix used with the sense of pertaining to; N.L. fem. adj. antitumoralis antitumoural).
Gram-positive, aerobic actinomycete forming abundant white aerial mycelia, spores and yellowish white to moderate yellowish brown substrate hyphae on ISP 2, 3, 4 and 5 and Czapek's agar at 28 uC. Dark orange yellow soluble pigment is produced on Czapek's agar. Fragments are observed on aerial mycelia and spore chains after incubation at 28 uC for 14-21 days. Spores are smoothsurfaced and rod-like (0.4-0.5 mm wide and 1.2-2.6 mm long). The pH, NaCl concentration and temperature ranges for growth are pH 6.0-8.5, 0-15 % NaCl and 4-40 uC, respectively (optima pH 7.5, 3 % NaCl and 28 u C). Positive for hydrolysis of starch, cellulose, Tweens 20, 40 and 60, milk coagulation and peptonization and catalase. Negative for hydrolysis of gelatin, casein and Tween 80, production of H 2 S and melanin, reduction of nitrate, utilization of urea and oxidase. Most sugars are utilized as sole carbon sources for growth, but fucose is not. Susceptible to ampicillin, amikacin, chloramphenicol, ciprofloxacin, gentamicin, lincomycin, netilmicin, norfloxacin, tetracycline, tobramycin and vancomycin, and resistant to erythromycin, neomycin, penicillin G, rifampicin and sulfamethoxazole. The cell-wall chemotype is type IV. The predominant menaquinone is MK-8 (H 4 ). The phospholipid type is type III. The major fatty acids are iso-C 16 : 0 , iso-C 16 : 1 H, anteiso-C 17 : 0 and summed feature 9 (comprising iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl.
The type strain, SCSIO 01299 T (5DSM 45322 T 5CCTCC M 2011255 T ), was isolated from a deep-sea sediment sampled at a depth of 3258 m in the northern South China Sea. The G+C content of the genomic DNA is 73.2 mol%. The type strain produces the previously synthesized antitumour agent deoxynyboquinone and its novel derivatives, pseudonocardians A-C.
